Introduction
Complexes containing organometallic type β-diketone ligands with O,O and O,N donor atoms are used widely in coordination chemistry and have applications in catalysis, radiopharmaceuticals, etc. (Schutte et al., 2011; Roodt, Visser and Brink, 2011; Brink et al., 2010; Otto et al., 1998) . These ligand systems are very useful because of their highly coordinative nature, high solubility, and also due to their ability to be functionalized with various substituents on the carbonyl carbon atoms (Schutte et al., 2011) .
Only a small number of β-diketonate ligands have successfully been coordinated to a Nb(V) metal centre, with only a select few being characterized by X-ray crystallography (Viljoen, 2009; Bullen, Mason and Pauling, 1965; Preuss, Lamding and Mueller-Becker, 1994; Funk, 1934; Davies, Leedlam and Jones, 1999; Allen, 2002 . The synthesis and crystal structure determination at room temperature of mer-oxidotrichlorido (thenoyltrifluoroacetylacetonato-κ 2 O,O')niobate(V) {(NEt 4 )[NbOCl 3 (ttfa)]} was first reported by Daran et al. in 1979 . Accordingly, for this current investigation, (NEt 4 )[NbOCl 3 (ttfa)] was re-evaluated at 100 K to determine if the structural features might change with temperature.
This study of this structure forms part of an AMI-funded programme to better understand the solid-state characteristics of Ta(V) and Nb(V) complexes and the influences of the electron-donating and -withdrawing groups of the β-diketone on the activity induced and reaction mechanisms at these metal centres.
Experimental

Materials and instruments
All chemicals used for the synthesis and preparation of the complexes were of analytical grade and were purchased from SigmaAldrich, South Africa.
The The X-ray intensity data was collected on a Bruker X8 ApexII 4K Kappa CCD area detector diffractometer, equipped with a graphite monochromator and MoKα fine-focus sealed tube (λ = 0.71069 Å, T = 100(2) K) operated at 2.0 kW (50 kV, 40 mA). The initial unit cell determinations and data collection were done by the SMART (Bruker, 1998a) software package. The collected frames were integrated using a narrow-frame integration algorithm and reduced with the Bruker SAINT-Plus and XPREP software package (Bruker, 1999) A redetermination of the structure of 
respectively. Analysis of the data showed no significant decay during the data collection. The data was corrected for absorption effects using the multi-scan technique SADABS Bruker, 1998b) and the structure was solved by the direct methods package SIR97 (Altomare et al., 1999) and refined using the WinGX (Farrugia, 1999) software incorporating SHELXL (Sheldrick, 1997) . The final anisotropic full-matrix least-squares refinement was done on F 2 . The aromatic protons were placed in geometrically idealized positions (C-H = 0.93 -0.98 Å) and constrained to ride on their parent atoms with Uiso(H) = 1.2U eq (C). Non-hydrogen atoms were refined with anisotropic displacement parameters. The graphics were obtained with the DIAMOND program (Brandenburg, 2006) with 50% probability ellipsoids for all non-hydrogen atoms.
Synthesis of (NEt 4 )[NbOCl 3 (ttfa)] (1)
(Et 4 N) [NbCl 6 ] (0.500 g, 1.147 mmol) was added to 4,4,4-trifluoro-1(2-thienyl)-1,3-butanedione (ttfaH) (0.327 g, 1.147 mmol) in acetonitrile (20 cm 3 ). The resulting solution was heated to 50ºC and stirred for 30 minutes. The excess solvent was evaporated and dark yellow plate-like crystals of the title compound (1) 
Results and discussion
The title compound was previously prepared by Daran et al. (1979) , with X-ray diffraction data collected at room temperature. For this study, the reaction was modified as described above and the data collected at 100 K.
The compound crystallizes in the monoclinic space group, P2 1 /c, with four molecules in the unit cell (Z = 4). The asymmetric unit consists of a Nb(V) metal centre surrounded by three crystallographically independent chlorido groups (Cl1A -Cl3A), an oxido (O3A) and one O,O'-bonded thenoyltrifluoroacetonato ligand and a tetraethylammonium cation. A graphic illustration is shown in Figure 1 . The complex molecule and the counter-ion are disordered over two positions in a 50 Nb A : 50 Nb B ratio as shown in Figure 2 . General crystallographic details are presented in Table I , while selected bond lengths and bond angles are listed in Tables II and III respectively. A distorted octahedral geometry is displayed for Nb A and Nb B . The Nb-Claxial distances for NbA vary between 2.428(1) and 2.507(1) Å and the Nb1A-Cl1A and Nb1A-O3A have distances of 2.390(1) and 1.733(1) Å, respectively. When comparing Nb1A-O1A and Nb1A-O2A bond lengths, distances of 2.357(1) vs. 2.037(1) Å are observed. This difference is due to the effects of the electron withdrawing, CF 3 substituent on the bidentate ligand backbone causing a longer NbA-O1A bond length. The trans Cl2-Nb1-Cl3 angle is 168.11(1)º, while the O1-Nb1-O2 bite angle is 79.65(1)º. A similar distortion is observed for Nb B , with bond-lengths and angles in accordance with Nb A .
The coordination plane constructed through Cl1A, Cl2A, Cl3A, and O2A, as indicated in Figure 3 , shows the niobium metal centre is slightly shifted out of this plane by 0.2751(3) Å.
The molecular packing within the unit cell is illustrated in Figure 4 . The packing illustrates a 'head-to-tail' arrangement ▲ when viewed along the c-axis. There are no classical hydrogen bonds or interactions observed in this structure. In Figure 5 , two coordination planes are illustrated; the first one constructed through O1A, O2A, and Nb1A, and the second through O1A, C2A, C3A, C4A, and O2. The angle between planes revealed the slight, 1.677º out-of-plane bend of the coordinated O,O'-bonded thenoyltrifluoroacetonato ligand. This also contributes to the distorted octahedral geometry.
The crystal structure determination of the published complex was performed at room temperature (298 K), while the synthesized analogue (1) was determined at 100(2) K. Data obtained for the title compound (1) correlates well with the previously published structure (Daran et al. 1979) . The disordered part denoted by Nb B differs less from the published structure and is probably a better representation of the anionic complex. Table IV illustrates a comparison between bond angles and distances of the published structure vs. the structure collected at 100K. The greatest difference Tetraethylammonium mer-oxidotrichlorido(thenoyltrifluoroacetylacetonato-κ 2 -O,O')niobate (V) between the two complexes is the positional disorder observed in the newly synthesized product.
Conclusions
A simplified method to obtain (NEt 4 )[NbOCl 3 (ttfa)] in aerobic conditions is reported. This highlights the misrepresentation of the 'extreme sensitivity' of niobium(V) complexes to air and water. Clearly, the exclusion of oxygen is not that important, while the exclusion of water is, since it will increase hydrolysis and thus the loss of chloride in favour of aqua, hydroxide, or oxo coordination. The crystallographic investigation revealed that this structure exhibited a 50:50 positional disorder. The electron withdrawing effects of the CF 3 substituent on the bidentate ligand backbone is illustrated by the longer Nb-O bonds of Nb1A-O1A and Nb1B-O1B vs. Nb1A-O2A and Nb1B-O2B. All bond lengths and angles of the complex were found to be in accordance with similar structures in the literature.
